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to the exposure of the water in a tank before the sample 
was bottled for analysis. 
The excessive amount of sodium chloride in this well 
water may be attr ibuted to the probable existence of salif- 
erous beds somewhere in the vicinity. It is stated that 
during the Civil War  " salt was obtained in considerable 
quantit ies from beds in the southwestern part of the State 
(Alabama), but the working of these has ceased to be 
profitable." (Encyclo~owdia Britannica, American SnppIement, 
vol. i, "Alabama.")  From the results of analysis it is 
manifest hat the water has no direct connection with the 
sea, for its mineral composition is totally unlike that of sea 
water. The pressure of the water at the mouth of the well 
is of itself sufficient evidence that the water has an alto- 
gether different origin. 
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Having been requested to speak to the Electrical Section 
of the Inst i tute on some subject, it occurred to me that I 
might  take the opportunity to present a few thoughts in the 
nature of speculations on the electrical relations of the 
earth and the heavenly bodies. 
Where we have no definite knowledge we are forced to 
speculation, and often scientific speculation points the way 
to further advances in our theories. Whi le speculation is 
not science, science is often benefited by speculative ideas; 
speculation is the result of imagination, science of investi- 
gation. 
We know but little as yet regarding the actual facts in 
the study of cosmical electricity. We do know, however, 
that there is every reason to believe in the existence of elec- 
trical disturbances in space, and either proceeding from or 
concentrated by the bodies in the solar system. 
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We have, indeed, much to learn, and the difficulty of 
learning is the greater as we are called upon, in this case, 
to apply known principles to conditions comparatively 
unknown and difficult of conception by our mental  powers. 
As an il lustration, I may mention the paradox of the canals 
of Mars. Of all the planets, Mars is the one which appears 
to be like the earth, and, therefore, is the one, the phenom- 
ena of whose surface, it would seem, should yield most 
readily to interpretation. But we are puzzled at the very 
outset. So, also, it must  be with a subject such as I have 
chosen for my talk to-night. 
It is known that as we leave the surface of the earth and 
rise in the air, there is an increase of positive potential with 
respect o ground, such that on the top of the Washington 
Monument it may be 3,ooo to 4,ooo volts, and on the Eiffel 
Tower as much as Io,ooo volts. On high mountains imilar 
high potential differences are found. If the increase were 
equal to I,ooo volts for each Ioo feet on the average, it 
would equal, at twenty miles altitude, about I,ooo,ooo volts, 
and from this it might  be iuferred that the conducting 
vacuous layer of rarefied air at great alt itudes would pos- 
sess a very considerable positive potential with respect to 
ground. 
But just here we are confronted with a difficulty. It is 
not clearly proven that a pure gas, rarefied or not, can 
receive and convey a charge--sol id or liquefied particles in 
it might readily do so, but there are considerations which 
seem to negative any assumption that gas molecules can 
themselves be charged. 
If we imagine a charged drop of water suspended in air 
and evaporating, it follows, that, unless the charge be car- 
ried off in the vapor, the potential of the drop would rise 
steadily as its surface diminished and would become infinite 
as the drop disappeared, unless the charge were dissipated 
before the complete drying up of the drop by dispersion of 
the drop itself, or conveyance of electricity by its vapor. 
The charge would certainly require to pass somewhere and 
might leave the air and vapor charged. However this may 
be, the vacuum outside of our atmosphere is probably per- 
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fect, and, therefore, a perfect insulator. The ether itself 
appears to be the best insulator, or most nearly perfect 
non-conductor f electricity. 
• It is customary to speak of a charged body-- th is  metal 
ball insulated in air, for example--as a thing by itself, but 
we well know that its capacity to receive a charge depends 
on the thickness of the surrounding dielectric, or the near- 
ness of other conducting surfaces, such as the walls of the 
room, the floor and ceiling and other objects about it. The 
insulated ball is none the less one of the coatings of a con- 
denser, the capacity of which depends on the thickness of 
the dielectric layer separating it from those objects or sur- 
faces which form virtual ly the other coating. 
It is doubtful then if a single body, in unl imited space, 
would be able to receive a charge of electricity, and it fol- 
lows that even very large bodies like the earth and stars. 
separated as they are from one another by immense dis- 
tances, cannot have much capacity. A comparatively small 
amount of electricity would give a very high potential in 
such a case. 
It becomes an interesting question, just here, whether the 
fact that a charge resides only on the surface of a charged 
sphere or conductor, is due to attraction of opposite charges 
of sphere and surrounding objects, or to repulsion of like 
charge in the sphere, or to both. A simple consideration 
will show, I think, that it is due to both causes, and that 
lines of electrostatic induction joining oppositely charged 
surfaces and traversing the dielectric between them, are 
like lines of magnetic force, in that they both tend to spread 
laterally and also to shorten their paths. Their  actual 
course, as is the case with the lines of magnetic force, will 
be determined by the result ing balance between both ten- 
dencies. Thus in F@ z, if two opposed surfaces ,4 B are 
charged relatively, and then the surfaces be extended later- 
ally, as indicated by dotted lines, and the extensions be of 
receding character, as shown, the charge will distr ibute 
itself over the added surfaces by virtue of the lateral spread- 
ing of the lines, while in doing this the actual ength of the 
lines is increased. 
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Now,  returning to the case of the earth, its capacity as a 
body insulated in space could not be very great, and a 
moderate amount of e lect r i c i ty  in coulombs would give it 
a high potential. Viewed in another way, however, the 
earth may possess a much greater charge, or amount, of 
electricity. The solid earth itself is a conductor, the dense 
air around it a good insulator and dielectric layer, the rare- 
fied air above a quasi-conductor in the sense that it can at 
small potential differences distr ibute a charge or convey a 
current, and the ether outside is a perfect insulator. 
The earth may then possess the character of a huge 
conductor, the outer coating being rarefied conducting air, 
the inner coating, the ground and water surface and the 
dielectric the dense air between. The outer layers may 
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possess a potential, positive with respect o the earth's body, 
of, perhaps, as much as i,ooo,ooo volts. 
Prof. H. A. Rowland has shown, however, that a moving 
charge is equivalent in magnetic effects to an electric urrent 
representing a similar transfer of electricity, and that a 
rotat ing charged air condenser produces that magnetic field 
which would be due to a current going in the direction of 
the moving changes on each plate. Applying this to the 
earth considered as a huge revolving condenser, F¢~. ~, the 
deose air layer A A .4 A ~ would become magnetized from 
pole to pole, and the velocity of the equatorial portion 
being so much greater than that of portions near the pole, 
would allow the magnetic lines to dip on each side of the 
equator  in short-circuiting themselves through the solid 
earth ~'. 
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Moreover, the magnetic field so produced oes actually 
correspond in direction of polarization with that which 
would be given when the outer coating I ~ f" is positive to 
the inner F., thus confirming so far the hypothesis which I 
have ventured to present to your consideration. It is 
merely a thought,  and would need comparison of many data 
to give it a secure basis as a theory. 
An 3 , action which would disturb the charge of the con- 
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denser earth, would strongly affect the earth's magnetism 
and auroras especially would do so. They appear to repre- 
sent a distr ibution of charge in the outer layers of the 
earth's atmosphere. 
Assuming the earth to be a huge charged condenser, a 
thunder-storm ight  be brought about by a flow in the 
dense air dielectric, due to the presence of clouds of con- 
densed vapor, extending to great altitudes. They may be 
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the auroral actions repeated in denser air, giving spark dis- 
charges, where in the aurora the diffused vacuum discharge 
only is seen. 
The enormously high potentials exhibited in the thunder- 
storm may be secondary effects, due to coalescence of many 
minute drops of water charged to only moderate potentials, 
the reduction of surface raising the potential. It may in 
part be due also to evaporation of charged drops in some 
parts of the cloud, again reducing the surface and raising 
the potential. 
The electrostatic induction of innumerable drops in a 
cloud, each drop possessing a like charge, gives virtually the 
effect of the possession by the cloud, considered as a whole, 
of a very much higher potential than is possessed by a 
single drop. 
There must be some influence constantly at work to cause 
and maintain the positive potential of the higher layers of 
the atmosphere, for otherwise in various ways there would 
natural ly be brought about an equalization of the charges 
of air and earth. Many theories have been proposed to 
account for the positive electrification of the air in its upper 
layers, and it may be that the condition is the result of a com- 
bination of causes rather than of any single cause. It is 
legit imate thought,  it appears to me, that the electrification 
may in large measure be due to influences outside of the 
earth itself. Let us assume a vast nebulous mass as having 
been the origin of the solar system by cooling and conden- 
sation, according to the nebular theory, and if for any reason 
that nebulous mass have a small charge or be at a potential 
difference with respect o other gaseous masses in space, the 
diminution of surface dur ing shrinkage would gradual ly 
increase the potential of the charge, provided it could not 
escape through the surrounding ether. ~'his charge would 
increase in potential until  the finer particles on the oufside 
of the mass were repelled outwards with a force equal to 
their centripetal tendency or gravity. _A dispersion of such 
particles would ensue, and result in a fall of potential. The 
dispersion and accumulat ion of charges would occur periodi- 
cally, while the hot mass of gas was shrinking and the par- 
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t ides  sent off would be condensed vapors, l iquid or solid, 
forming a charged cosmic dust proceeding in a radial 
direction from the central mass, just as the carbon sent out 
from a fi lament of an incandescent lamp leaves the filament 
radially after having condensed from vapor to solid carbon 
immediately at the surface of the filament, owing to the 
instant  loss of the heat necessary to keep it vaporous. 
Now the distance between the sun and a planet, such as 
the earth, is so great, that it is not probable that any con- 
siderable stat ic- - induct ional  effect could exist between 
them, even if they were at great differences of potential. 
On the other hand, electrified particles repelled periodically 
from the sun would reach the earth's atmosphere. It has 
been suggested that the coronal streams een during total 
eclipses, particularly during the active or sun-spot period, 
may consist of electrified particles leaving the sun. If s~, 
their lack of visibility, beyond a few diameters from the 
sun, would not forbid the assumption being entertained as 
a rational one, that the streams may pass outward indefi- 
nitely unti l  they encounter some obstacle like the earth. 
But auroral displays on the earth are frequent only when 
the solar activity is greatest, when the coronal streams 
extend outwardly the farthest, and there appears to be a 
dist inct connection between the presence of large spots on 
the sun's surface and auroral disturbances here. 
Can we not consider that during an aurora the earth is 
passing through a coronal stream and developing, as it were, 
a secondary aurora, either by directly encountering in space 
the electrified particles from the sun, or by induction from 
streams of such particles near the earth's course ?
Taking these thoughts in connection with the idea of 
the cause of the earth's magnet ism presented above, it will 
be easy to understand why magnetic disturbances hould 
be prominent during auroras. Taking also the fact that the 
sun is a charged body, and probably the planets also, it will 
be understood that some influence on the earth's condenser 
charge would exist, varying according to the positions rela- 
tively occupied by these bodies, and particularly of earth and 
sun. This in turn would give rise to magnetic variations, 
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such as the diurnal, annual and secular variations. It would 
account for the fact that the diurnal variations are greater 
when the earth is nearer the sun than when more remote, 
My thought  then, is, that the sun may be a charged 
body insulated in space, and, that  owing either to a periodi- 
cal accumulation of charge up to a certain critical potential, 
which would repel the outer particles into space and so 
relieve itself, or, to thermal disturbances occurring periodi- 
cally dur ing the cooling, the sun-spot period, or active 
period, recurs every eleven years, deforms the sun's out- 
line, so far as the outer atmosphere is concerned, and 
raises the potential or the projecting parts to a degree to 
cause repulsion of particles; continuing until  a certain 
discharge is effected, after which there is quiescence again. 
During these actions the earth passes through, or near 
to, electrified streams and an aurora, or earth corona, is 
developed. 
Concerning auroras, it would appear from observations 
of the great displays that the crown, or corona, seen in the 
zenith, is merely a view of bundles of streamers on end, and 
that the streamers in the north while nearly radial to the 
earth, are seen in perspective, rapidly changing their shapes 
and positions, while to the east and west are seen as com- 
paratively stable but less defined streamers- -an average 
view of great masses extending hundreds of miles and 
made up of innumerable changing streams of which the 
luminous effect is nearly steady. The grandest aurora 
which ever came under my personal observation was that 
of April, 1883, which reached its maximum between twelve 
and one o'clock. The whole horizon was in view as I was 
on top of a hill, and it is no exaggeration to say that the 
whole sky from north to south horizon and from east to 
west, was filled with auroral streams of wonderful coloring. 
The crown in the zenith was a marvellous display of chang- 
ing light, changing positiofls, changing intensity and 
changing color. The streamers in the north were sharply 
defined like great bundles of luminous needles and seemed 
almost within reach. They changed rapidly, were remark- 
ably bril l iant and covered an angle from about 2o ° alt itude 
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almost to the zenith. The stars, even of the first magni- 
tude, could scarcely be seen, and although there was no 
moon, the time could easily be read on a watch, and the 
roofs of buildings, ten miles away,  could easily be dis- 
t inguished. I mention this aurora part icularly because it 
showed in a most str iking way the characteristics ta ted  
above, as indicating the radial position of the streamers. 
On no other theory could the zenith crown and streamers 
be seen s imultaneously at places hundreds of miles east 
and west and many miles north and present substantial ly 
the same appearance. 
It would appear that auroral displays are either much 
more rare in the southern hemisphere or absent altogether. 
Speaking on the subject with Dr. Gould, of Harvard Uni- 
versity, he informed me that, a l though he had lived in Chili 
for fifteen years and was constantly on the watch for 
auroras, he never in that time saw a single display. 
Now, if a discharge is taking place under critical condi- 
tions in a high vacuum, the relation of its path and direc- 
tion to a magnetic field in the vacuum may determine the 
continuance or cause a stoppage of the discharge, accord- 
ing to the direction of magnetic polarization. Or, a stream 
of electrified particles may be deflected by a magnet,  as 
shown in the well-known Crookes tubes. From this it 
might  follow that the magnet ism of the earth may be 
inhibitory to the discharge in the southern hemisphere and 
favorable to it in the northern, in which case the relatively 
greater frequency of the aurora borealis would be explained. 
It has been found as a result of recent invest igat ions 
that a negat ively charged body will, if exposed to violet 
l ight, dissipate its charge to surrounding bodies, probably 
by sending off atoms, molecules or particles of its own sub- 
stance negatively charged. 
A posit ively electrified body placed in the neighborhood 
of a body maintained at a negative potential under violet 
light, is soon discharged by the negat ively electrified par- 
ticles coming to it from the negative body even when the 
posit ively chargeqk body is not in the light. Whether  this 
dissipation of negative charges would take place in the 
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ether  itself, or in a very high vacuum, is, so far as I am now 
aware, not known. Evidently,  however, such an action 
would have a very marked influence on the retent ion and 
distr ibution of charges on the earth. 
If the sun's charge be positive and posit ively electrified 
particles are sent out in the coronal streams, it would be 
easy to understand that the outer earth charge might  be 
kept up from the sun and that not only auroras, but thunder-  
storms also would be more f requent  dur ing periods of solar 
activity. Observations tend, I think, to show that such is 
the case. 
Again, if the sun be a highly electrified body, might  it 
not be possible that cometary masses may owe some of 
their i l lumination to redistr ibut ion of electricity as they 
approach towards and recede from the sun, or to encounter  
with electrified particles leaving the sun ? Here, again, the 
radial direction of the comet's tail is suggestive, as are also 
the rapid changes which the comet undergoes. 
And lastly, as a concluding thought,  we may ask 
whether  the phenomena of the sudden appearance of a star, 
which, after reaching great bri l l iancy, fades out in a few 
days or weeks, may not be referred to electrical causes, 
such as the equalization of charges on near approach of 
two bodies, attended as it must  be with an enormous evolu- 
tion of light, gradual ly  fading away as the vapors cool 
after the discharge. Thus, some of the temporary stars 
may possibly be explained. 
In conclusion, I beg to remind you what I have offered 
you here are only thoughts,  not theor ies- -which a careful 
comparison of all the facts may serve to confirm or to dis- 
credit. Object ions may arise, but oftent imes what seems 
an insuperable objection disappears in the l ight of more 
complete knowledge and observation. It is true that  the 
thoughts  presented are not all new, and it is only the more 
grat i fy ing when others may have arr ived at similar guesses. 
Though general ly busy with the practical side of electrical 
science, it is a source of pleasure sometimes to let one's 
thoughts  have full play, even if the result be only a maze of 
speculation, some part of which may prove to be fallacious. 
